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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)

! units as follows:
Multiply By To Obtain

. inches 2.54 centimetres

I kilofeet 0.3048 kilometres

' kilotons 4.184 terajoules
(nuclear equivalent of TNT)

_ pounds (mass) 0.45359237 kilograms

i pounds per square inch 6.894757 kilopascals
pounds per square inch
per second 6.894757 kilopascals/second
tons 4.184 gigajoules

(nuclear equivalent of TNT)
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RESPONSE OF AN ELASTIC-PLASTIC STRUCTURE SUBJECTED TO
A SIMULATED NUCLEAR BURST

CHAPTER 1
INTRODUCTION

Very few structures are designed to remain elastic under highly impulsive
loads. Systems that are designed to behave elastically under such loads are
generally uneconomical and tend to have structural characteristics that at-
tract greater dynamic forces. Consequently, some plastic behavior is desir-
able for the largest dynamic loads that are anticipated to occur.

The stress distribution in a structure that undergoes a plastic response
is complex and difficult to predict. Hence, the design and failure criteria
for such structures are generally governed by limitations on respoiise, e.g.,
deflections and rotations, rather than by limitations on stresses.

This paper presents the mathematical model and the numerical solution for
the response of structures that behave as elastic-perfectly plastic systems
when subjected to monotonically decaying loads. The loading definition is in-
tended to simulate the pressure-time history of a nuclear pulse with zero rise

time and no negative phase.




e e e e e e MR R T e R e e R TRy

LR

§
Al

CHAPTER 2

[y Wy -

ANALYTICAL PROCEDURE

2.1 DEFINITIONS OF DUCTILITY

AND RESISTANCE

A measure of the total elastic and plastic deformation in a structure is
its ductility. In this paper, ductility will be defined as the ratio of the

maximum displacement under a prescribed load to peak elastic displacement,

NS P NS S T s

. i.e., xm/xyl in Figure 2.1. The maximum ductility that a structure can sus-

N tain without collapse is controlled by its material and geometric characteris-
;: tics and is an indicator of the amount of energy that can be absorbed prior to
. failure.

The relationship between static load and deflection, i.e., the resistance

function, for many structural elements may be idealized as the elastic-

P ]

perfectly plastic curve shown in Figure 2.1. For monotonic dynamic loads, it
i is generally assumed that the resistance function maintains the same charac-
. teristic form as for the static situation. However, the magnitudes may be
E¥ increased to represent the enhanced strength of the material under the high

strain rates associated with dynamic loads.

2.2 DESCRIPTION OF LOAD

- In the past, nuclear pressure histories have often been represented as

) simple triangular functions or as superimposed combinations of simple tri-

. angles (References 1 and 2). Analyses made with such loading definitions have
often proved to be reliable, particularly when the loads ar:c most impulsive or
when the duration of the load is large compared to the natural period of the

structure. However, when attempting to represent some nuclear weapon load-

ings, the use of an "equivalent" triangular function introduces significant
: error. The selection of an appropriate triangle to represent a particular nu-
l} clear pulse adds one more degree of uncertainty to the already subjective dy-
g namic analysis.
R Analytic approximations to actual nuclear burst overpressures have
ﬁl recently been developed. The most recent expression for the overpressures can
e lFor convenience, symbols and unusual abbreviations are listed and defined in
! the Notation (Appendix C).
. 6
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be found in Reference 3 with subsequent modifications by memoranda from the
authors. The Speicher-Brode fit relates height of burst, range, time of ar-
rival, positive phase duration, and overpressure for a l-kiloton2 (KT) weapon.
Calculation of the quantities listed above, as well as positive phase impulse,
for a 1 megaton (MT) surface burst weapon are included in Table 2.1 and Figure
2.2. Cube-root scaling can be used to relate the quantities of interest for

different weapon yields.

2.3 STRUCTURAL IDEALIZATION

Many structures may be idealized as single-degree-of-freedom (SDOF)
spring-mass models in order to determine their fundamental response. More
complex structures may be idealized as a combination of spring-mass models
that are superimposed by modal superpositioning. The idealized SDOF model
used in this paper, as well as the resistance and loading idealizations, are
shown in Figure 2.1.

The differential equation of motion for the undamped SDOF model is given

below.

mX + kx = F(t) (2.1)

where

X = d2y/dt2 = acceleration
and kx = £, if plastic response has occurred

Viscous damping is generally not included in the analysis of structures
that are subjected to short-duration monotonic loads, particularly when only
the peak response is of primary interest. Damping at less than 5 or 6 percent
of critical will have only a minor effect on peak response for nonoscillating
loads.

Equation 2.1 can be nondimensionalized by a transformation of the inde-
pendent variables to yield the following equations from Reference 2.

F

—lf i +n-= 1 f(§) , if elastic, (2.2)
4n r

2A table of factors for converting U. S. customary units of measurement to
metric (SI) units is presented on page 4.




vy

L= L £®) , if plastic, (2.3)
. 4R m
where

n(¢) = x(t)/xy

e w2

fi(§) =T x(t)/xy
;.’_-‘. £ =t/T
i Xy = displacement at first yield ; 1);'?
- T=owm. [B = natural period L
.. k o

It should be noted that the specified forcing function in Equations 2.2

and 2.3 implies that pressures may be normalized with respect to a single time

parameter. However, the Speicher-Brode loading definition is a function of ‘ q
time and of peak overpressure and may not be normalized by a single parameter
as illustrated in Figure 2.3. Thus, a separate response chart must be devel-

oped for each value of peak overpressure, Ps.

2.4 NUMERICAL SOLUTION
There are several numerical methods for solving the nondimensionalized D
equations of motion. A method that is frequently applied to problems in struc- RSN
tural dynamics is the Newmark B method (Reference 4). This method was se- E '_i
lected for numerical analysis because of its flexibility and established cri- o -
teria for stability and convergence. .}.
From previously defined relationships, we have f:
> [
x(t) = xyn(E) S
(t) = x N(E)/T .
%(t) = x fi(8)/1°
y ) <
-t o
For our initial conditions ?1 
= » {
n, 0 | S
8




The initial value of the acceleration term is
e _ .2
f, = 4n Fl/rm
The Newmark 8 equations may be written in nondimensionalized form as

indicated below:

2 2
ieg = N +(%E) hy + (172 - B) (%) iy * B(%E) UTSEECEY

Aiep = 01y = 172 (%)(ﬁi ¥ ﬁi+l> (2.6)

By making an assumption for the acceleration at the (i+l1) time step, ap-
proximations of the corresponding displacement and velocity terms can be made
with the equations above. The resulting displacement can then be inserted in-
to the original differential equation and tested for convergence. The process
may be repeated iteratively until convergence is met within a prescribed tol-
erance.

Criteria for selecting an appropriate normalized time increment (At/T)
should not be based solely upon the value of B , i.e., the implied assumption
of acceleration between time steps, but should also depend upon the duration
of the load. Sufficiently small time steps must be used to provide an approp-
riate description of the loading function.

As an example of the numerical parameters which might be used: for lin-
ear acceleration, B = 1/6 ; the normalized time increment limit for convergence
= 0.389; and the normalized time increment limit for stability = 0.551 (Refer-
ence 4). Also, the time increment typically should not exceed about 1/10 of

the duration of the load.

——
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Table 2.1. Speicher-Brode relationships for a
1-MT surface burst weapon.

>

Surface overpressure (psi)
Range (kft)

R
t, - Time of arrival (ms)

ty - Positive phase duration (ms)
I

p

- Positive phase impulse (psi-ms)

PSO R ts Y4 I
1.0 46.767 34,939.3 4,376.8 1,955
2.0 28.025 18,646.6 3,930.7 3,285
3.0 21.122 12,797.8 3,583.2 4,301
4.0 17.505 9,817.7 3,308.3 5,136
5.0 15.248 8,009.4 3,085.3 5,852
6.0 13.685 6,790.6 2,900.1 6,482
7.0 12.527 5,910.1 2,743.4 7,043
8.0 11.627 5,242.1 2,608.7 7,548
9.0 10.903 4,717.0 2,491.5 8,004
10.0 10.304 4,292.4 2,388.5 8,415
20.0 7.264 2,310.1 1,785.3 10,596
30.0 6.009 1,609.0 1,519.1 11,366
40.0 5.282 1,245.9 1,378.0 12,741
50.0 4.794 1,022.5 1,297.1 14,598
60.0 4.437 870.6 1,249.3 16,469
70.0 4.161 760.2 1,221.5 17,986
80.0 3.939 676.2 1,206.2 18,969
90.0 3.755 610.0 1,199.1 19,482
100.0 3.600 556.4 1,197.5 19,743
200.0 2.752 305.0 1,274.3 28,198
300.0 2.366 215.1 1,357.8 35,047
400.0 2.131 167.9 1,418.5 38,823 ——
500.0 1.967 138.6 1,461.9 42,076 e
600.0 1.844 118.4 1,493.2 45,206 ST
700.0 1.746 103.7 1,516.2 48,225 L
800.0 1.666 92.4 1,533.3 51,112 R
900.0 1.599 83.4 1,546.0 53,856 v
1,000.0 1.541 76.1 1,555.5 56,460 p___ ¢
2,000.0 1.214 41.5 1,575.7 76,529 R
3,000.0 1.058 28.9 1,557.8 90,071 .
4,000.0 0.960 22.3 1,535.2 100,208 .
5,000.0 0.891 18.3 1,513.2 108,274
6,000.0 0.838 15.5 1,493.1 114,954
7,000.0 0.796 13.4 1,474.9 120,646
8,000.0 0.761 11.9 1,458.4 125,602
9,000.0 0.732 10.7 1,443.4 129,994
10,000.0 0.707 9.7 1,429.7 133,940

10
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IDEALIZED MODEL

g

m

— =T
1

o/ g=\7 Xy Xm
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Figure 2.1. SDOF analytical model,.
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a. Nuclear overpressure decay curve.

1.0
Y
£ 3
w
i >
[ .
2 >
fg 2>
x
a
[o]
N
]
3 %
5 %
4

0.0

NORMALIZED TIME, t/ty

b. Normalized pressure history.

Figure 2.3. Typical overpressure decay curves for a specific
nuclear weapon at various overpressures.
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SOLUTIONS

3.1 RESPONSE CHARTS

Once the differential equations have been nondimensionalized, the solu-
tions can be plotted over specific ranges of the nondimensionalized parameters
to produce a practical design tool. Normalized response charts for triangular
loads (Reference 2) and bilinear loads (Reference 5) are available in the open
literature.

Charted solutions for the Speicher-Brode overpressure description are
provided in Figures 3.1-3.9. It should be repeated that because the normal-
ized pressure history definition is a function of two independent variables,
i.e., time and peak overpressure, a unique solution to the differential equa-
tion cannot be obtained. However, uniqueness was obtained in this case by
holding the peak overpressure constant, thereby creating an equation with a
single independent variable. As a result, separate charts were plotted for

each peak overpressure.

3.2 SOLUTION ACCURACY

Response charts are provided for peak overpressures ranging from 10 psi
to 50,000 psi. For design purposes, reasonable accuracy may be obtained at
intermediate overpressures by interpolating between the given charts. If more
accurate solutions are desired, a computer code is provided in Appendix A that
will give numerically accurate solutions for any desired overpressure.

A comparison of solutions obtained from the response charts with solu-
tions obtained from the computer code has indicated that logarithmic interpo-
lation formulas will in general provide more accurate solutions between re-
spective charts. Although linear interpolation between any of the charts will
provide reasonable answers, more accurate solutions can sometimes be obtained
with logarithmic interpolation formulas. Appropriate interpolation formulas

are presented in Table 3.1.

3.3 EXAMPLE PROBLEMS

The number of ways that the response charts may be used are too numerous

to sufficiently describe here. In addition to the fact that the user may

14
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enter the charts with several different combinations of input parameters,
there are many different ways to arrive at those parameters themselves, e.g.,
natural period, yield deflection, and maximum resistance. Hence, the follow-
ing examples are only provided to illustrate the actual mechanics of using the
charts. It is assumed that the user will know how to compute the basic prop-
erties of the physical model.

In this example, the maximum response is determined for a system with a
natural period of 0.300 seconds, a maximum resistance of 10 psi, and a peak
elastic deflection of 0.5 inch. The structure is subjected to a 20-KT surface
burst weapon at 25 psi.

In the response curves, the natural period of the structure has been nor-
malized with respect to the positive phase duration of the load. To find the
positive phase duration for the prescribed loading, see Figure 2.2 (t.d = 1.6
seconds).

By cube-root scaling, the duration of a 20-KT weapon is computed as

td = 20 KT_ 1/3
1.6 s 1,000 KT
td = 0.434 s

Computing the response chart input parameters

t
d _ 0.434 _
T = 0.300 - 14
P
S22 .55
r 1
m

Now, entering the 10-psi response chart (Figure 3.1)

»

_m
Mo =% =16

«

and, entering the 50-psi response chart (Figure 3.2)
Hgo = 6.5 [ ) q

15




Interpolating (Table 3.1)

In! %%!
“25 T e 1n (19
50

16 _
. In (gfg) + 1n(6.5) | = 9.58

The predicted maximum response is

x = “25xy = 9,58 (0.5 inch) = 4.79 inches

Similarly, the estimated time to maximum response is
- t = 0.38 second
m

The maximum response as determined directly by computer analysis is indi-
. cated in Appendix B. In this case, there is an interpolation error of approx-
ui imately 2 percent. Using a linear interpolation, the maximum response would
be predicted as y = 12.4 , which is an error of approximately 32 percent.

In a second example, consider a system with a natural period of 0.50 sec-

ond and a maximum resistance of 50 psi. Using a 75-KT weapon, the peak over-

pressure for which the structure can maintain a ductility of 15 may be ob-

tained by the following procedure.
Assume a peak overpressure of 100 psi. From Table 2.1, the positive

phase duration for a 1-MT weapon is 1.198 seconds. For a 75-KT weapon, the

®-
e

ey

duration is scaled as follows:

ta _( 75kt \ /3
17798 s - \1,000 KT
]
ty =0.505s » o

Now, computing the nondimensionalized parameters based on the assumed
overpressure

t
d _ 0.505 _
T === = 10.1

0.050 S :f
Ps 100 _, .
r 50 L ¢

| -
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Using the 100-psi response chart, a ductility of 28 is read. That is
higher than our limiting ductility. Therefore, try a lower peak overpressure
: of 50 psi (Figure 3.2). The positive phase duration of 1.297 seconds for a
1 1-MT weapon at 50 psi scales to 0.547 second for a 75-KT weapon.
The new input parameters are

t
d _ 0.547 _

| T ~0.050 - 10-9
s .50 = 1.0
rm 50

From the 50-psi response chart (Figure 3.2), a much lower ductility of

: 3.2 is read. Finally, interpolating between the 50- and 100-psi values (Table
. 3.1)

P =5 -3.2) (150 - 50) + 50

-~ s (28 - 3.2) °

' Ps = 74 psi

- The correct solution was determined by computer analysis to be approxi-

X mately 77 psi. The interpolation error is approximately &4 percent.

3.4 COMPUTER CODE

The code provided in Appendix A was written in Fortran for the Tektronix
4081. It is an interactive code that has been modularized to minimize memory
requirements. The code should be easily adaptable to other machines with mod-
ification or elimination of the plot routines and overlay structure. The user

should also find it quite simple to add alternate loading definitions to the

e 'L

: code, if so desired. .

i Upon initialization of the program, a list of the available user options C g

. is displayed to the screen. These options and a brief description of each ]
follow. A sample session is included in Appendix B.

: X - EXIT PROGRAM - The user may exit the program any time there is a ‘

i request to SELECT OPTION. o ¢

17




A - ANALYZE - The Newmark B analysis is performed and results are dis-
played. A complete response history including normalized displace-
ments, velocities, and accelerations may be optionally displayed.

D - DISPLAY DATA -~ All numerical parameters, the current loading des-
cription, and structural parameters are displayed to the screen.

H - HELP - A list of the available options is provided upon request.

A I - INITIAL PASS - This option assists the new user in making a first

| run through the program. The experienced user may find it to be a

beneficial option when no modifications in the numerical parameters
are required prior to analysis.

' L - LOADING FUNCTION - The user may select a Speicher-Brode or triangu-
I lar loading description. The weapon, peak overpressure, and height
- of burst are requested if the Speicher-Brode description is

selected. Peak overpressure and duration are requested for the
triangular function.

N - NUMERICAL PARAMETERS - Certain numerical parameters may be changed

by the user. The values of Beta, the integration increment, the

convergence tolerance, and the number of pressure stations to be
. computed may be changed by selecting this option. Default values
I are displayed.
f 0 - OUTPUT DEVICE - When large quantities of data are to be output, the
. user may select for that data to be routed to the printer.
: P - PLOT - Normalized displacements, velocities, accelerations, and a
l description of the loading function may be displayed in graphical
form upon request.
S - SET VALUES FOR ANALYSIS - The natural period of the structure and
its peak resistance are requested by this option.

R T - TITLE - Output data and plots display a title that may be changed

by selecting this option.
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Table 3.1. Interpolation formulas.

Type of To Suggested
Interpolation Find Formula Ranges (psi)
(P_-P_.)
; Hp _ S sl” _
Linear Py ®_, - P (y = b)) + iy 50-100
(Mpe = 1y)
Ps 1
Py Pg = (W, - 1) (Pgy - Pgy) + Py
(Ps ) ] 10-50
In P— p
s2 1 100~-200
Natural Hp = exp P ) ln(ﬁ—) * 1“(”2)
logarithmic s 1n (—P—sl) 2 200-500
s2
L J 500~1,000
! 1,000~10,000
r - 10,000-20,000
: Hps
1n h P 20,000~50,000
s Ps = exp 2/. 1n (Fil) + ln(Psz)
1nf*1 52
Ha
L J
Notation: P - overpressure for which solution is desired
Psl - overpressure of response chart before Ps
Ps2 - overpressure of response chart after Ps
”ps - ductility at desired overpressure

B - ductility from response chart before Ps

Hy - ductility from response chart after Ps
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Figure 3.6. Maximum response of an elastic-plastic system
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CHAPTER 4
CONCLUSIONS

The analysis and design of structures to resist loadings from nuclear
weapons involve many parameters that are difficult to define. However, if
those unknowns can be determined or at least approximated, then a straightfor-
ward solution can be readily obtained.

Two different ways for arriving at that solution for elastic-plastic sys-
tems with simulated nuclear loading definitions have been provided in this
paper. The computer solution offers a quick and accurate way to investigate
the effects of different parameters on the response. However, if a computer
is not readily available or if a rough approximation to the numerically accu-
rate solution is adequate, then the response charts are most beneficial. The
response charts provide an efficient method for preliminary design calcula-
tions and for parametric investigations into such things as the effect of peak
overpressure, weapon yield, structural resistance, and structural stiffness on
the maximum response of a structure.

The charts do provide numerically accurate solutions for the specified
overpressures, but interpolation to those overpressures not included on a

chart does introduce some error into the analysis.
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SRR
RS
31 o
; 1
o




(083203332033 333 2222223322230 8332200333330 2283 0333332330200 202330014

c PROGRAM FOR DETERMINING THE NORMALIZED RESFONSE OF AN SDOF X
c ELASTIC-~-PLASTIC MODEL SUBRJECTED TO A SPEICHER-BRODE OK x
c A TRIANGULAR FULSE. RESFONSES ARE NORMALIZED BY THE ELASTIC x
C DEFLECTION. LES GUICE AUGUST 1983 %

CRRRRRARKARRR RO KRR KKK KRR KRR KRR -

IMFLICIT INTEGERX2(I-N»#)

INTEGERX1 TITLE(72)

DIMENSION F(250),RNU(501)»RNUII(S01)»RNUDD(S01)

DATA TITLE/ ‘97 “3'N’» 09 R*»‘ M’ 9 A% s L s 1’9’2 y’E" s’ D"y
, I'I il,IEl ISI,IPI’IOI,INI’ISI,IEI’I I,IOI’IFI,I I,IAI,
’ "’Sliltll 'O'OIF," '!’E"’L"’A"'SI!/TI'IIIIICI'I-,’
IFQI,ILI’IAI ISI,ITI,III’ICl,I I,IHI,IOI,II'I'IEI,ILI ’ s’

4 4 Py ’ ’I ,I ’ ’

14
¢ 1 g1 10 ¢ 7 ’ ’ LA A A R sy

¢ s
14 14 14 14 14 ’
14

14
14
T2 A SR S B ]

NOFT=11

Mdorm

. e v - w

’
’ I/

INITIALIZE ALL VALUES

ao0on

CALL. GRSTRT(?)

CALL BFACT(O0s USRIANLOLY.LIE )
1 LUO=6

JOF=4

IFASS=0

NSTF=501

NST=500

NT=250

NF=250

W=1000.0

FKT=100.0

HOEBK=0.0

BET=0.16667

TOL=1.0E-3

T11=0.01

TI2=0.01

TN=1.,0

RMX=1.0
10 CALL OVLINK(‘HELFOF ‘»LUO)

°8 CALL OVLINK(’GETOFT ‘»NOFT»JOF)
GO0 TO(99999+1000+2000+10+300053000540005,5000,6000,
1 7000,8000) » JOF

ANALYZE BY NEWMARK ERETA METHOD

=n0n

000 CALL OVLINK(’/NEWMRK “sLUOFsNTyNFysRNUyRNULYENUDDsNSTFINST
1 TDs TNy TIL»TI2yFRTsRMXy BTy TOL»NNU»TINC)
IFASS=2
GO TO 98

C
C  DISFLAY DATA
C L]
2000  CALL OVLINK(’DISFOF *sLUO» JOF s LFUNC oWy FKT» Ty TAy Ry HOEK ) TN» RMX ) .
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1 DPTeFINTINPIFPKTsTITLEsBT»TI1»TI2»TOLNF)
IF(JOP.EQ.5)G0 TO 7000
GO TO 98

C
C LOADING FUNCTION
C
3000 CALL OVLINKC(’LOADOF “sLUO» JOFsLFUNC WsFKT»TD» TA»RyHOBRK» DI Ty
1 FsNTsNP)
IFASS=1
IF(JOF.EQ.S5)G0 TO 2000
GO TO 98
C
C NUMERICAL FARAMETERS
C
4000 CALL OVLINK(’NUMOF ‘sLUOET»TI1»TI2yTOLsNF)

GO T0 98

(™

Cc OUTFUT DEVICE

(9

5000 CALL OVLINKC(/OUTOF ‘,LUD)
GO TO 98

C
c PLOT RESULTS
c
b

000 CALL OVLINKC(‘FPLOTOF ‘»LUO»TITLE»RNUyRNUDyRNUDD,NSTF,

1 FeNT»NFs TDyNNU» TINC» IFASS)
60 T0 98

C

C SET VALUES FOR ANALYSIS

c :

7000 CALL OVLINK(/SETOF “sLUD» TNyRMX)
IF(JOF.EQ.5)G0 TO 1000
GO 70 98

TITLE

s Ryly]

-

8000 CALL OVLINK(/TITLOF ‘»TITLE)
GO TO 98

C

C EXIT FROGRAM

[

99999 STOF
END
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10

100

PP NP S S S

1
WRITECLUO» %)’

SUBROUTINE HELPOF(LUO)
IMPLICIT INTEGERX2(I-N-#)

CaLL VTSCA()
CALL HIBRN8(1)
WRITEC(LUO» %)’ ~

WRITE(LUO»X)‘ NORMALIZED RESFONSE OF AN SDOF ELASTIC-'»
‘PLASTIC MODEL‘

WRITECLUO»X)” NOTE?
WRITE(LUO,»X) ‘
WRITE(LUO,x) "

DEFAULT UNITS ARE INCHESs FOUNDS» AND' SEC’
UNLESS OTHERWISE SPECIFIED. -

WRITECLUO:%)’ AVAILARLE OFTIONSS”

WRITEC(LUOyX) X -
WRITECLUO»X)
WRITECLUOs %)
WRITEC(LUOsX) -
WRITECLUOG,»X)’
WRITE(LUO, %)
WRITE(LUO»X) "
WRITEC(LUO,» %)
WRITECLUO»X) ‘
WRITECLUO»Xx)
WRITE(LUO»X)
WRITE(LUO, %) *
RETURN

END

VMO ZIr="Isd
I

EXIT FROGRAM’
ANALYZE "

DISFLAY DATA’

HELF“

INITIAL FPASS’

LOADING FUNCTION’
NUMERICAL FARAMETERS’
OUTFUT DEVICE’

FLOT”

SET VALUES FOR ANALYSIS’
TITLE'

SUBROUTINE GETOFT(NOFT» JOF)

IMFLICIT INTEGERX2(I

INTEGERX2 JOFT(11)

DATA JOPT/’X “s7A '
IS I'IT //

~N»#)

I[' I,IH I,II I,IL I'IN I,IO I,IFO I'

WRITE(6rX)‘ SELECT OFTION:! (XyAsDrHryXIsLsNvO»F2S»T)’

CALL READCCIOFT»0,0)
WRITE(69 %)
00 100 I=1,NOFT

IF(IOFT.EQ.JOFT(I))JOFP=1

RETURN
END
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O

Qo080

ad O

€
C
1000

]

c

SUBROUTINE NEWMRK(LUOs»F»NT s NFyRNUsRNUDyRNUDD»NSTF 9 NST»
1 TOyTNs TIL»TI2SFKT»RMX»EBT»TOL»NNU» TINC)

THIS SUEBROUTINE IS USED TO INTEGRATE THE SDOF EQUATIONS
OF MOTION RY THE NEWMARK-RETA METHOL

IMPLICIT INTEGERX2(I-Nr#%)
DIMENSION F(NT) »RNUCNSTF) s RNULI(NSTF) » RNUDDN(NSTF)
DATA INO/‘'N ’/
FI=3.1415927
ANUM=4 . OXF I%%2.0
COMFUTE MAXIMUM RESFONSE FOR THE RATIO OF TD/TN AND PKT/RMX
FPOR=FKT/RMX
DETERMINE TIME INCREMENY TO SATISFY CONVERGENCE AND
FPROFER DESCRIFTION OF LOADING FUNCTION
TI=TI1
TINC=TIXTN
IF(TD.GT.TN)GO TO 1000
TI=TI2
TINC=TIXTD
SET INITIAL VALUES OF NORMALIZED DISFLACEMENT (RNU)»
VELOCITY(RNUD), AND COMFUTE INITIAL ACCELERATION(RNUDD)
RNU(1)>=0.0
RNUMX=RNU(1)
TMXT=0.0
RNUD(1)=0.0
RNUDD (1) =ANUMXFOR
TIDTN=TINC/TN
FERFORM THE INTEGRaATION ITERATIVELY .
BY ASSUMING AN ACCELERATINN AND CHECKING CONVERGENCE

DO 1500 J=1»NST
JI=J+1
RNUDDICJI)Y=RNUDD ()
DETERMINE THE NORMALTZED FRESSURE THIS TIME STEF
CALL FRESS(FINTsNF»TD» JUs TINCySIoFT)
COMPUTE NORMALIZED DISFLACEMENT AND VELOCITY

1100 RNUCJIDI=RNUCIDHTIOTNXRNUDCH) +TIDTNXTIOTHX (O, S-RT)XKRNUDDICJ) +

1 TIDTNXTIDTNXBTXRNUDDC(JD)
RNUDCJJI=RNUDCII 40, SXTIODTNX (RNUDDINCS) +RNUDDCID) )
TNU=RNU(J.5)

DETERMINE IF RESFONSE IS IN FLASTIC RANGE
IFCRNUCII) o GT1,0)TNU=1,0

CHECK CONVERGENCE
RNUCK=ANUMX (FTXFOR--TNU)
IF (ABS (RNUCK-RNUDDCID) > JLE,TOLXGO TO 1200
IF (RNUCK.EQ.RNUDDCJ) )GO TO 1200

NOT CONVERGED, ASSUME NEW ACCELERATION
RNUDD (JJ)=RNUCK
GO TO 1100

CONVERGED» DETERMINE IF A MAXIMUM
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1200 IF(RNU(JJ) .LE.RNUCJ)IGO TO 2000
RNUMX=RNU(JJ)
TH=S1
i FM=FT
- NNU=JJ
I 1500 CONTINUE
. WRITE(LUDsX)’ CAUTION: SOLUTION NOT CONVERGED! "
o c
o C  DISFLACEMENT IS DECREASINGs MAX. AT FREVIOUS STEF
o C WRITE OUT RESULTS OF ANALYSIS
2000 WRITE(LUO»%)‘ *

ii WRITE(LUO»X)‘ MAXIMUM DUCTILITY =‘,RNUMX
- WRITE(LUOsX)” OCCURS AT TIME =‘,TM
o WRITE(LUOX) NORMALIZED FRESSURE AT THIS TIME =‘,FM
v WRITEC(LUO»%)‘ *
WRITE(LUO,X)’ NATURAL FERIOD =/,TN
WRITECLUO»X) LOAD DURATION =‘,TD
WRITEC(LUO,X) TIME INCREMENT =‘,TINC

WRITEC(LUO X)) ~
WRITE(SrX)’ COMFLETE HISTORYT (Y/N)i’
CALL READC(IANS»0»0)
WRITE(62X%X) "
IF(IANS.EQ. INO)RETURN
WRITECLUOy %)
WRITEC(LUO»X) NOTE? RESFONSES ARE NORMALIZED:’
WRITE(LUOy %) ~
WRITEC(LUOs %)~ TIME DISF VEL acce
T=0.0-TINC
Do 2500 I=1,JJ
T=T+TINC
2500 WRITE(LUD»2510)T+RNUCI) +RNUDCI) »RNUDDC(I)
2510 FORMAT(2(2XsF10.5)+2(2XsF10.5))
WRITECLUOs %) " -
RETURN
END

P
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SUBROUTINE FRESS(Fs»NTsNF»TDs JIs TINC»SISFT)
SUE FOR COMPUTING NORMALIZED FRESSURE AT A GIVEN TIME STEF

INFLICIT INTEGERX2(I-Ns#)
DIMENSION F(NT)

SI = REAL TIME FOR THIS STEF

SID = NORMALIZED YIME AT END OF DURATION

FT = NORMALIZED FRESSURE AT GIVEN TIME

TINC = TIME INCREMENT

DELTT = TIME INCREMENT ERASEDN ON NUMEBER OF FRESSURE STATIONS

SI=TINCXFLOAT(JJ~-1)
IF TIME IS EREYOND FOSITIVE DURATIONs, SET FRESSURE = O
IF(SI.LT. TGO TO 500
FT=0.0
RETURN
FIND FRESSURE STATION ON EITHER SIDE OF GIVEN TIME
DELTT=TO/FLOAT(NF~1)
ISTI=INT2(SI/DELTT)+1
ST1=FLOAT(IST1)
ST2=8T1+41.0
IST2=I8T1+1
F11=F(IST1)
F12=F(IST2)
TST1=(ST1-1.0)XDELYTY
TST2=TSTI1+DELTY
INTERFOLATE TO FIND FRESSURE THIS TIME STEF
FT=(F11-F12)K(S1~T1ST2) /(TRT1-TST2)4F12
RETURN
END
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SUERDUTINE DISFPOF(LUOs JOPyLFUNCsWsFKT» Ts TA» Ry HOEK s TN2 RMX »
1 DPTyFyNTsNFSyPRKTyTITLEsBT»TI1»TI2y TOL Y NP)

IMPLICIT INTEGERX2(I-N»s#)

INTEGERX2 IFU(3)

INTEGERX1 TITLE(72)

DIMENSION F(NT)

DATA INO/’N ’"/sIFU/’S “9'T “»'X */

DISFLAY DATA

OO0

WRITECLUG» %)

WRITE(LUOy2010)(TITLE(I)»I=1»72)
2010 FORMAT(1X»72A1)

WRITECLUDs %) ~

WRITE(LUO,X) NUMERICAL FARAMETERS:’

WRITE(LUO, %) ‘ RETA = ‘BT

WRITE(LUOyX) ’ INTEGRATION INTERVAL =‘»TIl,‘ OF FERIOD’
WRITE(LUO»X) INTEGRATION INTERVAL =‘»TI2s’ OF DURATION’
WRITE(LUO» %) TOLERANCE =’»TOL

WRITEC(LUDs %)’ NUMBER OF FRESSURE STATIDNS =‘sNF
WRITE(LUOs %) ~

WRITECLUO,» %) . LOAD DESCRIFTIONS

IF(LFUNC.EQ.IFU(1))G0 TO 2050
IF(LFUNC.EQ.IFU(2))GO TO 2100

GO TO 2200

2050 WRITE(LUO,X) - WEAFON (KT)="»U

2100 MWRITEC(LUOsX)” FEAK OVERFRESSURE =’ 4FKT
WRITECLUOy %) ‘ FOSITIVE FHASE DURATION =,TD
IF(LFUNC.EQ.IFU(2))G0 TO 2200
WRITE(LUDyX) ‘ TIME OF ARRIVAL =/,TA
WRITEC(LUG, %)’ RANGE (KFEET) =',R
WRITEC(LUOD»X) " HEIGHT OF RBURST (KFEET) ='sHOEK

IF(JOF.EQ.5)GO TO 2250
2200 WRITE(LUO»X)’ -

WRITE(LUOyX) STRUCTURE DESCRIFTION:’
WRITECLUO» %)’ NATURAL FERIOD =’,TN
FREQ=1.0/TN

WRITE(LUO»X) " FREQUENCY ='»FREQ
WRITE(LUOyX) " FEAK RESISTANCE =‘,RMX

2250 WRITE(LUO,%x)‘ -
WRITE(6y%)’ FPRESSURE-TIME HISTORY? (Y/N)’
CALL REANC(IANS»0,0)
WRITE(6X%) %
IF(IANS.EQ.IND)RETURN
T=0,0-DFT
WRITEC(LUOyXx) " ~
WRITE(LUO» %)’ TIME FRESSURE NORMALIZED'
WRITE(LUO» %) ~
N0 2300 I=1,.NF
PTPRKT=F(1)XFKT
T=T+DFT
2300 WRITE(LUOs2310)T»FTFRTSF(I)
2310 FORMAT(3(2X+sF10.4))
RETURN
END
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SUBROUTINE LOADOF(LUD» JOFsLFUNCs»WyFKTs TRy TA»RyHOBK»DPT,

1 PyNTs»NF)

IMPLICIT INTEGERX2(I-N»#)

INTEGERX2 IFU(3) .
DIMENSION F(NT) ——

DATA IFU/’S ‘9T “9’X */ )
c .
C  LOADING FUNCTION
c
WRITEC6s%)‘ SELECT SFEICHER-EBRODE,» TRIANGULAR:’»
1 * OR EXIT: (SsTsX)’ S
CALL READC(LFUNC»050) ——

. WRITE(Ss%)’ *
o DO 3100 I=1+3
IF(LFUNC.EQ.IFUCI))IFUOP=I
3100 CONTINUE
GO TO(32005,3300,3500)s IFUOF e
3200 WRITE(AsX)‘ ENTER WEAFON(KT)?:‘ o
READ(S» %)W ‘ »
WRITE(Ss%)’ ENTER FEAK OVERFRESSURE: "’ S
READ(S»¥)FPKT
WRITE(69%X)‘ ENTER HEIGHT OF BURST(KFEET):’
READ(Sy %) HORK
= CALL EBRODEF(F,yTDsDFTsWsFKT»NTyNF»HOEK Ry TA)
P~ Th=TH/1000.0
TA=TA/1000.0
= OFT=0FT/1000.0
- GO TO 3400
3300 WRITE(&+%)’ ENTER PEAK OVERFRESSURE S’
READ(S» X)EKT X
WRITEC(S%) ENTER DURATIONS
REALD(Ss%)Th M
CALL RIGGS(FsNT«NFyTDsDFT &Rk Ee e
3400 READ(Sy3410) I0UMMY
3410 FORMAT(A2)
3500 RETURN
END
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CSTITLE FILED IN BRODEF
SUBROUTINE RRODEF(FEST» DFy» DTy Wy Py NPTSyNP)HOBKsR»TA)
IMPLICIT INTEGER X2(I-N»#¥)
DOUBLE PRECISION XF»YFsLFF

DIMENSION FEST(NFTS)

TA ARRIVAL TIME (MSED)
RANGE IN KFEET

DP POSITIVE FHASE DUR. (MSEC)
DT INCREMENT BETWEEN FRESSURE STATIONS
IONE = O
W13 = WX%(1./3.)
YP = HOBK/W13
DTT = DT/7W13

oo aa 00

3 c T
il XP = ((1.58 %X 2, X W 7 F) xx (1. / 3.))/U13 i
10 CALL PT(XFsYFsDTTsFEST(1)+DPF»IONEsNFTS»NF:TA) ]
IF (ABS(FEST(1)/F-1.) LE. S.E - S) GO TO 20 o
CALL FT(XFX1,00001sYFsNTTsESTIOFF» IGNEINFTSINFP»TA)
XP = XP + (PEST(1) - F) % 0,00001 % XP / (PEST(1) - EST)
.60 TO 10
20 R = XPXW13
IONE=1 '
CALL FT(XFsYFyOTTsFESTsDFF» IONEsNFTSsNF»TA)
DF = DFFXWIZ
TA = TAXW13
C NOTE REDEFINITION OF DT RELOW - LKG 7/83
ODT=0OTT*W13

RETURN
END
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CSTITLE FILED IN FT
SUBROUTINE FT(XsYsDTTsFsDPs IF»NFTsNP»TAS)

oo 00000000

THIS IS AN IMPLEMENTATION OF THE SPEICHER AND BRODE
OCT 1981 P(TsX»Y) NUC» HISTORY

REF . PSR NOTE 385 WITH MOD FOR F ABOVE 10000 PSI
WALKER NOV.17,1982

INPUT PARAMETERS

X = RANGE (KFT/Wxx1/3)
Y = HOR (KRT/WxX1/3)
T = TIME AFTER TIME OF ARRIVAL (MSEC)

IP = 0 FOR FEAK FRESSURE ONLY
DYT = TIME STEP SCALED (MSEC/WXX%X1/3)

OUTFUT FARAMETERS

F = PRESSUREXTT(FSI)
DP = FPOSITIVE FHASE DURATION (MSEC)
AXKNOTE T IS CHANGE IN THIS ROUTINE.
IMPLICIT INTEGERX2 (I-N»#)
IMFLICIT DOUBLE FRECISION (A-H»0-2)
REAL Fy DOTT, TAS
DIMENSION F(NFT)

XLEAST=1.E-4

YLEAST=1.E-4

ZLEAST=1.E-4

ZMOST=100.

IF(X.LT.XLEAST) X=XLEAST

IFCY.LT.YLEAST) Y=YLEAET

R=DSQRT (XAX+YXY)

Z=Y/X

IFCZ.LTLZLEAST) Z=ZLEAST

IF(Z.6T.ZMOST) Z=ZMOST

CALL FFEAK(XsYsRsZsDELTAF)
F¢(1) = DELTAF

IF(IF.EQ.0) RETURN
XM=170.%Y/(1,+337 . XYXX.25)+,914XYXX2.5
U=(.543-21.8%R+386 . kRXR+2383 . XRXRXR) XRXX8
UD=2.99E-14-(1.21E-10XRXR) +(1.,032E-6XRXX4)-(4,43E-6XRXXSE) +

2 (1.,028+¢(2.087%R)+ (2. 69%KkR%XR) ) XR%k%X8
u=u/ub
TA=U

IF(X.,LT.XM)GO TO 200
W=(1.,086-34,605%R+486, IKkRXR+2383 . XRXRXR) XRX%8
Wh=3,0137E-13-(1.2128E-9XRXR)+(4,128BE-6XRXX4)~-(1.116E-SKRXX%x4) +

2 (1,63242.629%KR+2 . 6XRXR) XRXXE
W=W/Wh
TA=(UXXM/ X))+ (WXL ~-XM/X))
200 CONTINUE ’
S = 1,-1,1E10K{Y¥XX7)/¢(1.+1.1E10XY¥X7)~-(2,441E-BXYXY/

& (1,49, E10%YXX7))%(1,/(4,41E-11+X%X%X10))

F o= (,01477%(TAXX,7%)/(1.4+,003836XTAY+7.402E-SXK(TAXX2,5)/
£ (1,41.,429E-8XTAXX4,75)-.218)%8 + 7076-3,077E~-SXTAXTAXTA/
& (1.44.367E-SXTAXTAXTA)

G = 10,4(77,58-64,.99%(TAXXK,125)/(1,+.04348XDSART(TA) ) ) XS
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H = 2,7534,05801%XTA/(1.41,473E-9%XTAXXS)+( . 01769%XTA/
3 (1,+3.207E-10%XTA%X%X4,.25)~,03209%(TAX%X1.25)/(1.+49,914E-8%
3 TAXX4)~-1.6)%S
DP =((1640700.4+24629.XTA+416.15XTAXKTA)/(10880.+619,76XTA+TARTA) )X
3 (+44.001204%X(TAXX1.5)/7(1.4+.001559XTAXXL,5)+(.0426+.5486%
] (TAXX.25)/(1.4+.00357%XTAXX1,5) ) %S)

CxkXX

C NOTE MODIFICATION EBRELOW -

C COMPUTE TIME STEF RY DIVIDING THE FOSITIVE FHASE NDURATION

C BY THE NUMBRER OF DESIRED TIME STEFS

CkXkx

DTT=DF/FLOAT(NF-1)

DO S00 I = 1sNF

T = TAH(DTTR(I~1))

B = (FX(TA/TIXKGH+(1+~FIX(TA/TI)XXH)IX{(1.~-(T-TA)/DF)

IF (X.LT.XM +OR. Y.G6T.0.38) GO TO 1000

XE = 3,039%XY/(1,.+6.7%Y)

E = DABS((X~-XM)/(XE-XM))

IF (E.GT.:50.)E=50,

D= ,234583000.XYXY/ (26667 .4+1000000.XYXY)+.27KE+(.5-583000,%XYXKY/
& (26667 .,+1000000.%XYKY) ) REXXS

A = (DI-1.)X(1.-(EXX20)/(1,+EXX20))

DT = 474,.2%XYX(X~-XM)X%1.25

IFCOT.LT.1.,E-4) DT=1.E~-4

GA = (T-TAY/IT

IF(GA.GT.400.) GA=400,

V o= 1,4(3.2BE11XK(YXX86) /(1. +1.5E12XYX%6.75) )X (GAXGAXGA/
& (6.13+GAXGAXGA) IXR(1./(1,+9.23TXEXE))

C= ((1,04-240,9%K(XX¥X4)/C1 4231 .7KXKX4))IXK(GAKK?)/((1.4.923%
(GAYXXB.S)XK(14+A )X (1. ~((T-TA)/DF)XXB) X2 . 3E13XK(YKXP) /(1,4
2.3E13%XY%X%X9?)

FCI) = DELTAFX(1.4A)X(EXV4C)

GO TO 495

1000 CONTINUE

F(I) = DELTAFXE

o o

Cxx%x
C NOTE MODIFICATION RELOW -
C NORMALIZE ALL FRESSURES BY DIVIDING RY FEAK FRESSUKRE
CXxX
495 P(I)=F(1)/DELTAF
500 CONTINUE
TAS = TA
RETURN
END
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CSTITLE
SUBROUTINE FPFPEAK(XrY»R»ZyDELTAF)

aooacoocoocoaa

0

FILED IN FPFEAK

SUB FOR FEAK OVERFRESSURE ERY SFEICHER AND BRODE,»SEFPT.1980
MOD BY WALKER FROM MODR RY SFIECHER AND BRODE MARCH 1981

RANGE TO 0.1 FSI

INPUT PARAMETERS
X=RANGE (KFT/KTx%1/3)

Y=HOR (KFT/KT%%1/3)

R=SQRT (XX%k2+YVk%2) (KFT/KTXX1/3)
Z=Y/X

OUTFUT

DELTAF=FEAK FRESSURE (FSI)

IMPLICIT INTEGERX2 (I-N»#)
IMFLICIT DOUELE FRECISION (A-H»0-2Z)

mTmoo L b 4

o

&
&

1,22-¢(3.908%Z%2)/(1.+810.2%Z%X%5)

2,321+ (Z%X18) /(1. 41,113 KZXX1B))%6,195-(,03831XZ%%17)/
(1,4+.02415%XZ%%X17)+.6692/(1.44164,%X7%%8)
4.,153-(1.,149%Z%%X18) /(1. +1.641%Z%X%18)-1.,1/(1.+2.771%Z%X%2.5)
~4,166+(25,76XZX%K1.75)/(1.41,382%Z%%x18)+8.257%¥2/(1.43.219%2Z)
1.,-(.004642%Z%%18)/(1.,+.003886%XZ%%18)

16096+ (2,879%RZXXKP.25) /(1 .42, 359%Z%%14,5)-17.,15KZ%XZ/
(1.471.686XZ%XZX2)

= 1,8345,361%ZXZ/(1.4.3139%KZXKX6)

== (64, 67KZXkKG+,.2905) /(1 .+441 ,SKZXXG)-1.389%KZ/(1.,4+49.03KZ%k%x5)+
(8.808%KZ%%X1:5)/(1.+154,5%Z¥%k3.5)+( ., 0014XRXR/(1.,-.158%R+.,0486%
RXX1.5 +,00128XRXR))IX(1./{1.+2.XY))

DELTAF=10.47/(RXXA)+B/ (RXkC)+OXE/ (1. +FARX%XG) +H
RETURN
END
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SUBROUTINE BIGGS(F»NTyNPsTDsDTTFKT)

GENERATE NONDIMENSIONALIZED PRESSURES FOR TRIANGULAR FULSE
IMPLICIT INTEGERX2(I-N»#%)
DIMENSION F(NT)
DTT=TD/FLOAT(NF-1)
P(1)=PKT/PKT
DO 500 I=1sNT
PC(I)=P(1)=-(I-1)XDYT/TD
RETURN
END
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SUBROUTINE NUMOF(LUO»ERT»TI1»TI2»TOLsNFP)

NUMERICAL FARAMETERS

aoon

IMPLICIT INTEGERX2(I-N»#)
INTEGERX2 NUOF(5)
DATA NUOP/’EB “»‘1 “9'T “9’'N “9’X "’/
NOP=5S
NUMOFT=5
WRITE(6ryX) "
WRITE(S69X) SELECT NUMERICAL FARAMETER! (BeIsTsNsX)’
WRITE(é69%)’ B — RETA’
WRITE(6yX) I - INTEGRATION INCREMENT'
WRITE(69 %)’ T - TOLERANCE’
WRITE(65X%)’ N - NUMBER OF FRESSURE STATIONS’
WRITE(6sX) X - EXIT/
WRITE(6 X))’ *
CALL READCCIOFT»0,0)
WRITE(6rX) "’ ’
NUMOFPT=5
DO 10 I=1,NOF
10 IFC(IOFT.EQ.NUOF(I))I)NUMOFT=I
G0 T0(100»2005300y400:+500) » NUMOFT

c .

100 WRITE(S6s%)’ ENTER KETA: (LINEAR ACCELERATION = 0.16667)°
READ(S» %) BT
GO 70 498

200 WRITE(69%)’ ENTER TIME INCREMENT/FERIOD:! (TI/TN = G.01)’
READ(S»X)TI1
WRITECSs%X) - ENTER TIME INCREMENT/LOAD DURATION: (TI/T7TDh = ©0.01)
READ(S»X)TI2

GO 170 498

300 WRITEC62%)’ ENTER CONVERGENCE TOLERANCE: (TOL. = 1E-3)’
READ(Ss %) TOL
GO TO 498

400 WRITE(&69%) 7 ENTER NUMEER OF FRESSURE STATIONS: (MAX. = 250>
WRITE(65%) CAUTION: MUST COMPUTE NEW LOAD FUNCTION!’

READ(S s X ) NF
498 READN(S 9 499) IHUMMY
499 FORMAT (A2)
500 RETURN

END
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SUBROUTINE OUTOFP(LUOD)

IMPLICIT INTEGERX2(I-N»#%)

INTEGERX2 JDEV(2)

DIMENSION F(250)yRNUC1001)RNUDC(1001)»RNUDD(1001)
' DATA JDEV/‘'T “»'F '/

C
Cc OUTFUT DEVICE
c
5

000 WRITE(46s%)’ SELECT TERMINAL OR FRINTER: (TsP)‘
CALL READC(IDEV»0,0)
: WRITEC(6s %)’
l IF(IDEV.EQ.JDEV(1))LUO=6
IFC(IDEV.EQ.JDEV(2))GO TO 5100
RETURN
$100 LUO=8
CALL ASSIGN(’LF: ‘»LUOYISTAT)
RETURN
END
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SUBROUTINE PLOTOP(LUOsTITLE »RNUsRNUD»RNUDD¢NSTF,»
1 PoNTsNF» TD»NNU» TINC» IFASS)

IMPLICIT INTEGERX2(I-N»s#)

INTEGERX1 TITLE(72)

INTEGER%X2 JFLT(S)

DIMENSION F(NT)yRNUCNSTF) »RNUD(NSTF) » RNUDD(NSTP)
DATA JPLT//D 9’V ‘574 ‘5L ‘9’X */

PLOT RESULTS

WRITE(6+%)‘ SELECT FLOT: (DsVsAsLsX)”
CALL READC(IFLT»0,0)
WRITE(69%) 7 “
JPL=S
00 6100 I=1,4
IF(IPLTEQ.JPLT(I))JFL=1I
IF(JPL.EQ.S)RETURN
IF(IPASS.LT.1)60 TO 6200
IF(IFASS.LT.2.AND.JFL.LE.3)G0O TO 6200
DT=TD/(FLOAT(NP-1))%1000.0
TINCF=TINCX1000.0
CALL FLOTC(JFLyNSTFsNTsNFsRNUsRNUDy RNUDDSFs TITLE
1 NNUy TINCFPIT),
RETURN .
WRITE(&s%)° ERROR: DATA FOR FLOT NOT AVAILABLE!’
RETURN
END
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SUBROUTINE FPLOT(JPLsNSTF»NTsNFP»RNU>»RNUD» RNUDD+»P» TITLE»
NNUs TINC»DELT)

SUBROUTINE FOR FLOTTING RESFONSES

IMPLICIT INTEGERX2(I-Ny$)

INTEGERX1 TITLE(72)

DIMENSION P(NT)sRNU(NSTF) s RNUD(NSTF) »RNUDD(NSTF)
DATA K11/11/» K22/22/s K30/30/y K36/36/y T2/0./

IFCUPL.LT.4)CALL TITLXC’TIME (MSEC)‘»K11)
CALL NEXTFG

WRITE TITLE TO PLOT

CALL VTSCA(S)
CALL HIERNS(1)
WRITE(6990)TITLE
FORMAT (10X»72A1)
CALL VTSCA(3)
CALL OIBRN8(1)

GO TO (100520),300,400)»JFL

CALL TITLY1(’NORMALIZED DISPLACEMENT (D/XY)’,K30)
CALL QPLOTD(TZ, TINCs»RNUsNNU)

CALL NEXTFG

RETURN

CALL TITLY1(’NORMALIZED VELO CITY (VXT/XY) ‘,K30)
CALL QFLOTD(TZs TINC»RNUD,NNU)

CALL NEXTFG

RETURN

CALL TITLY1(’NORMALIZED ACCELERATION (AXTXT/XY) ‘,K364)
CALL QFLOTO(TZy TINC:RNUDD» NNU)

CALL NEXTFG

RETURN

CALL TITLX(’TIME (MSEC)’»K1il)

CALL TITLY1(’/NORMALIZED FRESSURE 4 4K22)

CALL GFLOTH(TZ DELTs»FyNF)

CALL NEXTFG

RETURN

END
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SUBROUTINE SETOP(LUO» TNsRMX) . @
IMPLICIT INTEGERX2(I~N»#) AR

SET VALUES FOR ANALYSIS

anon

WRITE(és%)‘ ENTER NATURAL FERIOD:’
READ(Ss%) TN
WRITEC&+%)’ ENTER PEAK RESISTANCES’ A
READ(5»%)RMX oL
READ(Ss10) IDUKMY G
10 FORMAT (A2) RERRE
RETURN S
END

SUBROUTINE TITLOP(TITLE)
IMPLICIT INTEGERX2(I-Ns#)
INTEGERX1 TITLE(72)
WRITE(6+%)’ ENTER NEW TITLE: (72 CHAR. MAX.)’
READ(S» 10 (TITLEC(I) »I=1,72)
10 FORMAT (72A1)
RETURN
END
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APPENDIX B

EXAMPLE COMPUTER SOLUTIONS
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#RUN ANAL/ANAL .£XQ

NORMAL | ZED RESPONSE OF AN SDOF ELASTIC~ PLASTIC MODEL

NOTL  OQEFAULT UNITS ARE INCHES, POUNOS, AND SEC
UNLESS OTHERVISE SPECIFIED

AVN' ABLE OPTIONS
= EXIT PROGRAM
ANALYZE
DISPLAY DATA
HELP

INITIAL PASS

LOADING FUNCTION
NUMERICAL PARAMETERS
OUEPU DEVICE

-«nvozr—zc>x
RO N R R B}

T
S%T EM.UES FOR ANALYSIS

SELEC? OPTION: (X,A,DM,1 L N,0,P,S,T)

EN?ER NEY TITLE: (72 CHAR.
SOLUTION FOR 8.3 SEC S!RLI:TURE A' 20“. 2s PSl
SELECT OPTION: (X,A,0M,I L N,0P,S,1)

SELECT SPEICHER-BRODE , TRIANGULAR, OR EXIT: (S,T X!
ENTER VEAPON(RT):

ENTER PEAR QYERPRESSURE :

.EN‘I'ER HEIGHT OF BURSTI(RFEET):

SOLUTION FOR 8.3 SEC STRUCTURE AT 28 KT, 25 PSI
NUMERICAL PARAHE'IERS
BETA - @ 16667

INTECRA'I’ION INIERYAL - ©@.10000E-@Y OF PERIOD
INTEGRATION INTERVAL - U.IWGBE-N OF DURAT{ON
TOLERANCE - @.1C0Q0E-Q

NUMBER OF PRESSURE STAT(ONS - 258

LOAD DESCRIPTION:

VEAPON (RT)e 2.0

PEAKR OYERPRESSURE «  26.000
POSITIVE PHASE OURANON - 0.44229
TIME OF ARRIVAL « @.513

RANCE (KFEET) = 1.7741

HEICHT OF BURST (KFEETI - @.80820

PRESSURE-TIME MISTORY? (Y/Ni
N
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vsmen NATURAL PER1IOD:
'E‘N;ER PEAR RESISTANCE:
ASE! EC? OP"lON- x .A .0 o“ ol DL ON oo D’ .S .t'
MAXIMUM DUCTILITY « 0. 3813
OCCURS AT TIME » @.31800
NORMAL I 2ED PRESSURE AT THIS TIME ~ ©.74042E-01
NATURAL PERIOD - @ 30000
LOAD DURATION - 0.44220
TIME INCREMENT « @.30000€-02

'COHPI.E TE HISTORY? (Y/N).

NOTE: RESPONSES ARE NORMAL1ZED:

TINE pisSP VEL ACC N
@.00029 @.00000 9 00 60508
0.0930¢ 9.00480 9.97249 oS 83281 R
@.00000 2 91935 1 01460 92 03080 —
9.99003 0 94397 2 82375 69.16823 Y ‘
9.012008 a.87578 3.6971S 0S.40127 oA
@.21500 @.118690 4.5323 81 S4372
9.9100a@ 0.10022 S 32682 77 35%3
9.82106 Q.22 8.0703 72 Q94261
0.82400 0.20763 0.70848) 08 31834
0.027038 0.35881 2.44387 63.40348
9.03000 @ 43034 8.85357 S8 18048
8.03300 8.5197) 0.01259 $3.31872
9.03029 @ .62842 0.11013 47.90400
@.93020 9.70192 9.57186 42 54002
9.04200 Q.700087 0 06040 36.97874
9.84500 @.90112 10.31891 31.32243
3.04800 1.€057¢@ 1¢.50660 25.8168
9.05100 1 11203 18.84702 24.20700
0.85400 1.22259 11.08217 22.7625¢
@.85720 1.33453 11.30249 21.38106

. 08029 ).44859 11.5084) 19.68419
9.006300 1.56465 11.70037 18.500008
@ .06000 1.068255 11.87876 17.16077
2.026000 1.80218 12.04308 15.86080
9.07208 1.92339 12.10034 14.606682
9.275¢0 2 .94608 12.330268 13.37084

.97809 2.17008 12.48405 12.18223
¢.08100 2.2083 12.56003 11.01603
@ 06423 2.4921684 12.80453 ¢.80327
9.06708 2.54808 12.77784 8.77044
¢.80222 2.07N18 12.86825 7.70302 -
Q.a0383 2.60013 12.93205 6.85583 ..
0.206062 2.93877 12.90359 5.03324 .
9.000080 3.006507 13.04485 4,0375¢ :
¢ 18200 3.100083 13.08037 3.00807 .
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2r10802 +82700
Q. 1ceed (35800
g-111ea. .59045
@: 11480 3 22202
2 11788 . 3.85359
@ -120e0 3.98%08
212220 4 11048
2.12020 4.24797
8°12900 4.3782¢
9: 13200 4.50853
20 13500 4.03837
@ 1380¢ 4.76764
@ 14100 4.89028
@ 14400 S.082421
@.147¢0 S.15137
@-. 15000 $.27708
@.153¢e3 S.40387
@ 15640 S 52748
9.15000 S.0508S
9 10200 S 77311
@ .10500 S.89420
@.10020 8.81408
9.121¢8 6.13203
9 17400 0.2498S
9.177¢08 0.306567
9 16009 0.46892
g.1832¢ 0 590268
g 18009 6.70412
@ 189@0 6.61377
8.19200 6.82174
¢. 19509 7.82798
8. 16600 7.13245
0.201%4 7 2350

@.204%4 7.33587
0.20799 7.43472
¢ 21ex 7.5310%
@ 21308 7.062048
9.21600Q 7.7193
€.21908 7.81083
@.2220¢ 7.89801
@ 2250¢ 7.08581
@.2280¢ 8.06018
@.2310¢ 8.15108
@.23400 8.23008
@.2370Q 8.30794
@.24008 8.38281
@.243e¢ 9.45520
@.2400Q 8.52525
@ 24900 8.59275
@.2520¢ 8.65772
@.25%e9 9.720812
2.25800 8.77992
9.20109 8.83729
@.2040¢ 8.80158
0.2070Q 8.04338
@.27002 8.90244
8.27303 0.03874
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¢ 27000 9.88224 1 20031  -20.27242
0 27900 9.12292 3.025087 -28.57483
0 20200 9 18073 3.63784 -28.87199
Q 28500 9 19508 3 34768 -20.10428
@ 28620 9.227¢8 3.85457 -29.45198
0 29100 9.25075 2.75884 -20.734868
@ 20400 $ 28284 2.45000 -30.81278
@8.29700 9.30593 2 15841  -30.28644
@ 3e000 Q 32600 } 85420 -30 55560
@ 30320 Q9 34301 } 54732 -308 08203
0 30000 9.35694 1.23781 -31 088069
@ 30920 9 38778 0 Q2572  -31.33734
o 31200 9.37544 0 61129  -31 58939
@ 31580 9 37097 0 20395  -31 83755
@ 316820 9 3813 -0.82504 -32. 28189
0 32100 9.3794S -0 34766 -32 32207

us‘LEct OPUON x pA .D .“ nl o N .O.P.S ."

SOLUTION FOR 8.3 SEC STRUCTURE AT 20 KT, 25 PSI
MRlCAL FARAHE?ERS
BETA @ 10087

lN1ECRAYION INTERYAL - 0 10000E-81 OF PERIOO
INTECRATION INTERVAL = 0.10000€-01 DURATION
TOLERANCE = 0099E-32

NUMBER OF PaESSURE STATIONS - 250

LOAD DESCRIPT!ON-

VEAPON (KT1- 28,

PEAX QYERPRESSURE « 25 208

POSITIVE PHASE DURA7ION - 0 44229

TIME OF ARRIVAL » 0.51360

RANGE (RFEET) = 741
HEICHT OF BURST (KFEE1| -

STRUCTURE DESCRIPTION:
NAIURA PERIOD -~ 2.30@00
FREQUENCY » 3. 3
PEAR RESISTANCE - 10 00
NPRESSURE-TIHE HISTORY? (Y/N)
’SELECT 0P1!0N= x ) .D pH |l LN .0 ,P .S p’ !

SELECY PLO' (D Y lA IL |!|
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APPENDIX C
NOTATION
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NOTATION

Forcing function/maximum force
Forcing function

Maximum force

Elastic function

Structural mass

Peak overpressure

Structural resistance

Maximum resistance

Time

Positive phase duration of load
Time to maximum response
Natural period

Displacement

Velocity

Acceleration

Maximum displacement

Yield or peak elastic displacement
Newmark B numerical parameter
Time increment

Normalized displacement
Normalized velocity

Normalized acceleration
Ductility

Normalized time parameter
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